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(54) HOT PLATE 
(57)Abstract: 

PURPOSE: To provide a hot plate which enables high 
precision and uniform high temperature heating of a 
sample such as a silicon water. 

CONSTITUTION: An electrostatic chuck electrode 2 is 

formed in one side of a base material 1 which consists of is „ 

s r 

pyrolytic boron nitride, and a heating electrode 3 is 
formed in the other side thereof; both of them are formed 
of pyrolytic graphite. A pyrolytic boron nitride coat film 6 
is applied to a part excepting power supply part 4 of an 
electrostatic chuck electrode and a power supply part 5 
of a heating electrode. 




LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 

rejection] 



14.04.1998 



http://www 1 9.ipdLjpo.go.jp/PAl/result/detail/main/wAAAzyaaHSDA405 1 292 1 OP 1 .htm 1 /20/2004 



Searching P AJ 



Page 2 of 2 



[Kind of final disposal of application other than 

the examiner's decision of rejection or 

application converted registration] 

[Date of final disposal for application] 

[Patent number] 3155792 

[Date of registration] 02.02.2001 

[Number of appeal against examiner's 

decision of rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 
[Date of extinction of right] 

Copyright (C); 1998,2003 Japan Patent Office 



http ://www 1 9.ipdl jpo.go.jp/PAl /result/detail/main/wAAAzyaaHSD A405 1 292 1 OP 1 .htm 1 /20/2004 



Page 1 of 1 



* NOTICES* 

Japan Patent Office is not responsible for any 
damages caused t>y the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 ^*** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A hot plate characterized by each coming to form an electrode for heating (3) with pyrolytic 
graphite in a field of another side for an electrode for electrostatic chucks (2) to one field of a base 
material (1) which consists of a pyrolysis boron nitride, and moreover coming to give a pyrolysis boron- 
nitride coat film (6) to a portion except the feed section (4) of an electrode for electrostatic chucks, and 
the feed section (5) of an electrode for heating. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to a suitable hot plate to use it for heating of a sample in 
the process which fonns an integrated circuit in samples, such as a silicon wafer which consists of an 
electrical conducting material or a semiconductor material. 

[0002] . , . ^ . 

[Description of the Prior Art] the process which forms an interlayer msulation film and a protective coat 
in samples, such as a silicon wafer, - setting - chemistry gaseous-phase vacuum evaporationo (CVD) — 
law is used. In a CVD method, when the sample and reactant gas which were heated by reaction 
temperature contact, a chemical reaction arises on a sample and a film is formed. Membranous 
construction material is selected by the class of reactant gas, and membraneous quality and thickness are 
further adjusted on condition that the existence of the pressure of CVD, temperatvu-e, and the plasma etc. 
And the temperature of CVD is controlled by methods, such as resistance heating, induction heating, 
and infrared heating. The method of heating especially one sample at a time with a hot plate is a method 
suitable for being called single wafer processing and controlling temperature by high degree of 
accuracy. 

[0003] However, in heating of the conventional single wafer processing, tfiere was a problem that 
contact of a sample and a hot plate serves as an ununiformity, temperature distribution arose in a sample 
side and distribution of membraneous quality or thickness became an ununiformity by the camber of the 
sample generated with heating. Although it tried making inert gas, such as heliimi which is easy to 
transmit heat, intervene between a sample and a hot plate that this should be improved, since CVD was 
performed under reduced pressure in many cases and was not able to make the pressure of inert gas 
high, sufficient effect was not acquired. 

[0004] . ^ . ^ 

[Problem(s) to be Solved by the Invention] The object of this invention solves the above-mentioned 
defect, and is to offer the hot plate which made possible heating at high temperature of high degree of 
accuracy and a xmiform sample. 
[0005] 

[Means for Solving the Problem] That is, each comes to form the electrode 3 for heating with pyrolytic 
graphite in a field of another side for the electrode 2 for electrostatic chucks to one field of the base 
material 1 which consists of a pyrolysis boron nitride, and, moreover, this invention is a hot plate 
characterized by coming to give the pyrolysis boron-nitride coat film 6 into a portion except the feed 
section 4 of an electrode for electrostatic chucks, and the feed section 5 of an electrode for heating. 
[0006] Hereafter, this invention is explained in more detail. An outline cross section of a sheet- fed type 
CVD system which equipped drawing 1 with it for a plan showing an example of a hot plate of this 
invention is shown in drawing 2 . 

[0007] The base material 1 used by this invention consists of a pyrolysis boron nitride (P-BN). P-BN is a 
boron nitride (BN) which it comes to form with a CVD method. If materials other than P-BN are used as 
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a base material 1 , since a pyrolysis of the base material itself or a reaction of a base material and reactant 
gas arises at the time of CVD, it is not desirable. Moreover, although using BN sintered compact for a 
base material was also considered, since BN sintered compact had the small mechanical strength, it had 
to thicken thickness of a base material, and since quantity of heat which moreover escapes from the base 
material side was also large, when it was going to heat a sample to a temperature higher than especially 
700 degrees C, it had the problem that temperature did not fully go up. 

[0008] When too thick [ if thickness of a base material 1 is too thin, it will become inadequate insulating 
between an electrode for electrostatic chucks and an electrode for heating, and ], since heat propagation- 
comes to be hard in the thickness direction and precision of temperature control falls, 0.5-lOmm is 
desirable. When P-BN is used for a base material, camber may occur by electrostatic chuck^ but since P- 
BN is rich in elasticity, it can correct it easily by fixing using a screw etc. and applying force, in case a 
single-wafer-processing CVD system is equipped. 

[0009] A hot plate of this invention makes it requirements to form the electrode 3 for heating in one 
field of the above-mentioned base material for the electrode 2 for electrostatic chucks with pyro lytic 
graphite (PG) in a field of another side, respectively. PG means a graphite which it comes to form with a 
CVD method. 

[0010] In having formed the above-mentioned electrode 2 or 3 with materials other than PG, in the 
bottom so that an elevated temperature at the time of forming the P-BN coat film 6, or the time of an 
activity of a hot plate, the above-mentioned electrode 2, or 3 and a base material 1 react, an electrode is 
disconnected by the difference in both thermal expansion coefficient, or it exfoliates. 
[001 1] as thickness of the electrode 2 for electrostatic chucks, or the electrode 3 for heating, when too 
thin, resistance of an electrode for heating serves as size, and excessive voltage is needed for a heating 
power supply — if too thick, since it carries out, and an electrode will become easy to exfoUate firom a 
base material on the other hand — 10 micrometers - being referred to as 1mm is desirable. 
[0012] In this invention, a reason for constituting the feed section 4 of an electrode for electrostatic 
chucks and portions other than feed section 5 of an electrode for heating fi-om a P-BN coat film is for 
preventing that an element on not reducing electrostatic chuck force and a sample is destroyed by fault 
current etc. BN coat film which it comes to form with a CVD method with a P-BN coat fihn ~ saying - 
as the thickness — 10 micrometers - 1mm is desirable. 

[0013] A hot plate of this invention can be manufactured by removing a P-BN coat film of a portion 
used as the feed section 4 of an electrode for electrostatic chucks, and the feed section 5 of an electrode 
for heating, after removing PG with a CVD method, and machining after a coat etc. removing 
imnecessary PG portion to the above-mentioned base material 1, making the electrode 2 for electrostatic 
chucks, and the electrode 3 for heating form and forming the P-BN coat film 6 with a CVD method 
fiirther. 

[0014] a base material top with which a CVD method has been arranged in a reaction chamber — or a 
base material top with which an electrode was formed — the bottom of inert gas ambient atmospheres, 
such as nitrogen and an argon, and pressure A chemical reaction is made to cause on 0.1 - SOtorr and 
conditions with a temperature of 1700-2000 degrees C, and a film is made to form, as reactant gas ~ PG 
- a propane (C3H8) and acetylene (C2H2) etc. - hydrocarbon gas ~ P-BN - 3 chlorination boron 
(BC13) etc. ~ mixed gas, such as halogenation boron and ammonia (NH3), is mainly used. 
[0015] Approximate account drawing of a single-wafer-processing CVD system equipped with a hot 
plate of this invention is shown in drav^ing 2 . The hot plate 9 of this invention is placed into a vacuum 
housing 8, it is fixed on a hot plate and a sample 10 is heated. A sample is fixed by electrostatic 
attraction generated by impressing voltage to an electrode for electrostatic chucks, and heating is 
performed by passing current fi-om the power supply 17 for heating to the electrode 3 for heating 
through the feed section 5, In addition, 18 is the stoma for screw stops by which countersinking was 
prepared in an electrode side side for electrostatic chucks. 

[0016] To a hot plate of this invention, in order to make transfer of heat firom a hot plate to a sample into 
homogeneity, it is desirable to form the stoma 7 for introducing inert gas 11, such as helium. When 
introducing inert gas, since a sample will come floating if the pressure surpasses electrostatic attraction 
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per unit area of a sample, caution is required. 

[0017] After a sample is fixed as above-mentioned, exhaust air is performed by vacuum pump 13 from 
an exhaust port 12, and the inside of a vacuum housing is held at a constant pressure. Furthermore a hot 
plate is heated and the inside of a vacuum housing is held at constant temperature. Then, reactant gas 15 
is introduced from a gas inlet 14, and a CVD film is given to a sample front face. 
[0018] With a CVD method, a use of a hot plate of this invention is not restricted to a process which 
forms an interlayer insulation film and a protective coat in a sample, and can be used for sample heat- 
treatment processes, such as epitaxial growth, plasma CVD, physical gaseous-phase vacuum 
evaporationo, and plasma etching. 

[0019] . . ^ ^. . . . 

[Example] Hereafter, an example and the example of a companson are given and this invention is 

explained still more concretely. 

[0020] The mixed gas of the 3 chlorination boron which placed the base material which consists of a 
graphite board with example 1 length of 500mm, a width of face [ of 250mm ], and a thickness of 5mm 
into the reaction container, held to the temperature of 1950 degrees C and pressiu-e Itorr, and was 
diluted with nitrogen gas, and ammonia was introduced, and CVD of P-BN was performed. After CVD, 
the reaction container was cooled to the room temperature and ejection and P-BN which deposited were 
released from mold for the base material from the base material. The obtained P-BN board was 
machined, the P-BN disk with an outer diameter [ of 200mm ] and a thickness of 2mm was produced, 
and it considered as the base material. 

[0021] The base material which consists of the above-mentioned P-BN disk was placed into the reaction 
container, after holding to the temperature of 1850 degrees C, and pressure 6torr, the liquefied petroleum 
gas diluted with nitrogen gas was introduced in the reaction container, and CVD of PG was performed. 
After CVD, the reaction container was cooled to the room temperature, PG of ejection and a garbage 
was removed for the base material by machining, the electrode for electrostatic chucks was formed in 
one one side, and the electrode for heating was formed in another field, the thickness of PG of an 
electrode - each — 50 micrometers it was . 

[0022] Subsequently, the above-mentioned base material with which the electrode was formed was 
again placed into the reaction container, after holding to the temperature of 1950 degrees C, and pressure 
Itorr, the mixed gas of the 3 chlorination boron diluted with nitrogen gas and ammonia was introduced, 
and CVD of a pyrolysis boron nitride (P-BN) was performed. After CVD, the reaction container was 
cooled to the room temperature, ejection, P-BN clearance of the feed section of the electrode for 
electrostatic chucks and the feed section of the electrode for heating, and surface polish finishing were 
performed for the base material, and the hot plate was produced, in addition, the thickness of a P-BN 
coat film - 1 50 micrometers it was . 

[0023] When the above-mentioned hot plate was heated at 800 degrees C in the vacuum of 10-3torr, the 
direct current voltage of 3kV was impressed to the electrode for electrostatic chucks through the feed 
section from the power supply for electrostatic chucks and the adsorption test of 150mmphi silicon 
wafer was performed, it is 25 gfi^cm2. Electrostatic adsorption power was acquired. 
[0024] Subsequently, the above-mentioned hot plate was attached so that the electrode side for 
electrostatic chucks might become a single-wafer-processing CVD system upward. 150mmphi silicon 
wafer was placed on the hot plate, the direct current voltage of 3kV was impressed to the electrode for 
electrostatic chucks, the silicon wafer was fixed, and the silicon wafer was heated to 700 degrees C 
through current in the feed section of the electrode for heating, carrying out evacuation of the inside of 
equipment. 

[0025] The temperature distribution within the silicon wafer side at the time of temperature becoming 
almost fixed were **30-degree C dispersion. Then, the pressure in equipment is set to Itorr, and they are 
a mono silane (SiH4) and ammonia (NH3). It reaches, the mixed gas of hydrogen (H2) is introduced, 
and it is a nitriding siUcon (Si3N4). CVD was performed. 1 micrometer of thickness Si3N4 Si3N4 
within a silicon wafer side after making it deposit When the thickness distribution was measured, there 
was **20% of dispersion. 
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[0026] It examined like the example 1 except having used the hot plate in which the electrode for 
example of comparison 1 electrostatic chucks is not made to form. Consequently, the temperature 
distribution within the silicon wafer side at the time of temperature becoming almost fixed were **120- 
degree C dispersion. 1 micrometer of moreover, thickness Si3N4 Si3N4 within the silicon wafer side 
after making it deposit The thickness distribution was **60% of dispersion. 

[0027] Four stomata for inert gas installation with a diameter of 5mm were opened in the location of 
80nmi at equal intervals from the center of a P-BN disk with an outer diameter [ example 2 / of 
250mm ], and a thickness of 3mm. Then, the hot plate was produced like the example 1, it attached in 
the single-wafer-processing CVD system, and the silicon wafer was heated. 

[0028] when the temperature of a silicon wafer became about 1 law, and gaseous helium was introduced 
by the pressure of 5torr(s) and held from the stoma for inert gas installation of a hot plate for 1 hour, the 
temperature distribution within a silicon wafer side were **10-degree C dispersion. Then, the pressure 
in equipment is set to Iton-, and they are a mono silane (SiH4) and ammonia (NHS). It reaches, the 
mixed gas of hydrogen (H2) is introduced, and it is a nitriding silicon (Si3N4). CVD was performed. 1 
micrometer of thickness Si3N4 Si3N4 within a silicon wafer side after making it deposit When the 
thickness distribution was measured, it was **10% of dispersion. 

[0029] It examined like the example 2 except having used the hot plate in which the electrode for 
example of comparison 2 electrostatic chucks is not made to form, and having set the introductory 
pressure of the gaseous helium from a stoma to Itorr. Consequently, the temperature distribution within 
the silicon wafer side 1 hour after gaseous helium installation were **80-degree C dispersion. 1 
micrometer of moreover, thickness Si3N4 The thickness distribution of Si3N4 within the silicon wafer 
side after making it deposit was **40% of dispersion. 

[0030] The same base material as example 3 example 2 was placed into the reaction container, after 
holding to the temperature of 1900 degrees C, and pressure lOton, the liquefied petroleum gas diluted 
with nitrogen gas was introduced in the reaction container, and CVD of PG was performed. After CVD, 
the reaction container was cooled to the room temperature, PG of ejection and a garbage was removed 
for the base material by machining, the electrode for electrostatic chucks was formed in one one side, 
and the electrode for heating was formed in another field. Each thickness of PG of two electrodes was 
80 micrometers. 

[0031] Subsequently, the above-mentioned base material with which the electrode was formed was 
again placed into the reaction container, after holding to the temperature of 2000 degrees C, and pressure 
Itorr, the mixed gas of the 3 chlorination boron diluted v^th nitrogen gas and ammonia was introduced 
in the reaction container, and CVD of P-BN was performed. After CVD, the reaction container was 
cooled to the room temperature, ejection, P-BN clearance of the feed section of the electrode for 
electrostatic chucks and the feed section of the electrode for heating, and surface polish finishing were 
performed for the base material, and the hot plate was produced, in addition, the thickness of a P-BN 
coat film ~ 200 micrometers it was . 

[0032] Except having used the alumimium nitride (AIN) sintered compact disk instead of the P-BN disk 
as example of comparison 3 base material, when CVD of PG was performed on the same conditions as 
an example 3, it is AIN. It decomposed and evaporated, the base material deformed remarkably, and 
production of a hot plate was impossible. 

[0033] It placed into the reaction container by using the P-BN disk of example 4 outer diameter of 
70mm, and thickness 0.9 mm as a base material, and after holding to the temperatvire of 1800 degrees C, 
and pressure 3torr, the liquefied petroleum gas diluted with nitrogen gas was introduced in the reaction 
container, and CVD of PG was performed. After CVD, the reaction container was cooled to the room 
temperature, PG of ejection and a garbage was removed for the base material by machining, the 
electrode for electrostatic chucks was formed in one one side, and the electrode for heating was formed 
in another field, the thickness of PG of two electrodes — each ~ 30 micrometers it was . 
[0034] Subsequently, the above-mentioned base material with which the electrode was formed was 
again placed into the reaction container, after holding to the temperature of 2000 degrees C, and pressure 
Itorr, the mixed gas of the 3 chlorination boron diluted with nitrogen gas and ammonia was introduced 
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in the reaction container, and CVD of P-BN was performed. After CVD, the reaction container was 
cooled to the room temperature, ejection, P-BN clearance of the feed section of the electrode for 
electrostatic chucks and the feed section of the electrode for heating, and surface polish finishing were 
performed for the base material, and the hot plate which opens in the location which does not damage 
near a center the stoma for screw stops which prepared countersinking in the electrode side side for 
electrostatic chucks further at one piece and a edge, and does not damage four pieces and an electrode at 
equal intervals, and is shown in drawing 1 was produced in addition, the thickness of a P-BN coat film ~ 
100 micrometers it was . the place which placed this hot plate on the surface plate, and measured the 
amount of camber in quest of the difference of the height of a hot plate center section and an edge using 
the height gage — 300 micrometers it was . 

[0035] Then, it fixed to the stoma for screw stops right through, and the above-mentioned hot plate was 
fixed to the standing ways in which the screw hole was made beforehand for the flat countersimk head 
screw, by the screw stop, since the hot plate deformed and camber was corrected at this time — the 
amotmt of camber after immobilization — 5 micrometers it was . When the direct current voltage of 1.2 
KV was impressed to the electrode for electrostatic chucks; through the feed section of a hot plate using 
this hot plate from the power supply for electrostatic chucks in the vacuum of 0. 1 torr and the adsorption 
test of SOmmphi silicon wafer was performed, it is 20 gf7cm2. Electrostatic adsorption power was 
acquired. When the silicon wafer was fiuthermore heated through current in the feed section of the 
electrode for heating, it was able to heat to 1000 degrees C or more. 

[0036] the place which produced the hot plate on the same conditions as an example 4 except having 
used BN sintered compact disk instead of the P-BN disk as example of comparison 4 base material — the 
amount of camber — 400 micrometers it was . Although it was going to fix this hot plate to standing 
ways by the screw stop like the example 4, the crack was arisen and damaged to the hot plate with the 
stoma for screw stops as the starting point, the place which produced the hot plate on the same 
conditions as an example 4 except having used BN sintered compact disk with an outer diameter [ of 
70mm ], and a thickness of 5mm instead of the P-BN disk as example of comparison 5 base material — 
the amount of camber — 10 micrometers it was . When this hot plate was fixed to standing ways by the 
screw stop like the example 4, the crack did not take place to a hot plate, and the amount of camber did 
not change before and after the screw stop. 

[0037] When the adsorption test of a silicon wafer was performed on the same conditions as an example 
4 using this hot plate, it is 18 gC'cm2. Electrostatic adsorption power was acquired. When the silicon 
wafer was heated still like the example 4, it was able to be heated only to 700 degrees C. 
[0038] When the hot plate produced in the example 5 example 3 was heated at 800 degrees C in the 
vacuum of 10-5 torr, the direct current voltage of 5kV was impressed to the electrode for electrostatic 
chucks and the adsorption test of 200mmphi silicon wafer was performed, it is 40 g£^cm2. Electrostatic 
adsorption power was acquired. Specific resistance [ in / to the base material side of the P-BN coat film 
of the hot plate at this time / a perpendicular direction ] was 1 .2x1012 ohm-cm. 

[0039] In example of comparison 6 example 3, the electrode for electrostatic chucks and the electrode 
for heating were formed with the tungsten, the thickness of a tungsten — 20 micrometers it was . Then, 
when this was placed into the reaction container and the P-BN coat film was formed by the same method 
as an example 3, the way-ized timgsten and the nitriding tvmgsten were generating near the interface of a 
wolfram electrode and a P-BN base material, and near the interface of a wolfi-am electrode and a P-BN 
coat film. 

[0040] When the electrostatic adsorption power and specific resistance of the above-mentioned hot plate 
were measured by the same method as an example 5, since impression of the direct current voltage 
whose fault current to a silicon wafer firom the electrode for electrostatic chucks is 5kV remarkably was 
impossible for electrostatic adsorption power, it cannot be measured. Specific resistance [ in / to the base 
material side of the P-BN coat film of the hot plate at this time / a perpendicular direction ] is 8x104. It 
was omega-cm. 

[0041] Production of a hot plate was tried by the same method as an example 3 except having made the 
pyrolysis alumimium nitride (P-AIN) coat film form instead of an example of comparison 7 P-BN coat 
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film. In addition, P- AIN A coat film is aluminum chloride gas (aluminum2C16) diluted with nitrogen gas 
after holding to the temperature of 1000 degrees C, and pressure Itorr. The mixed gas of ammonia was 
introduced in the reaction container, and it was made to form by performing CVD. Consequently, P-AIN 
It is P-AlN, when the reaction container was cooled to the room temperature and the base material was 
taken out after CVD of a coat film. Since much cracks had arisen on the coat film, and the film 
exfoliated easily as it touched, production of a hot plate was impossible. 

[0042] . . 

[Effect of the Invention] By using the hot plate of this invention for a CVD system, heatmg at high 
temperature can be made high degree of accuracy and homogeneity for samples, such as a 
conventionally difficult silicon wafer. Therefore, it becomes possible to form an interlayer insulation 
film, a protective coat, etc. with uniform membraneous quality and thickness on samples, such as a 
silicon wafer, and contributes to improvement in the productivity of a semiconductor device, or quality 
greatly. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused t>y the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The plan of the hot plate produced in the example 4 of this invention. 

[Drawing 21 The outline cross section of the single- wafer-processing CVD system equipped with the hot 
plate produced in the example 4 of the example of this invention. 
[Description of Notations] 

1 Base Material 

2 Electrode for Electrostatic Chucks 

3 Electrode for Heating 

4 Feed Section of Electrode for Electrostatic Chucks 

5 Feed Section of Electrode for Heating 

6 Pyrolysis Boron-Nitride Coat Film 

7 Stoma for Inert Gas Installation 

8 Vacuum Housing 

9 Hot Plate 

10 Sample 

1 1 Inert Gas 

12 Exhaust Port 

13 Vacuum Pxmip 

14 Gas Inlet 

15 Reactant Gas 

16 Power Supply for Electrostatic Chucks 

17 Power Supply for Heating 

18 Stoma for Screw Stops 



[Translation done.] 
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DRAWINGS 



[Drawing 1] 




[Drawing 2] 




[Translation done.] 
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